Abstract-The neutral convection in a double-diffusive fluid layer subject to the internal heat source (internal heating) and thermodiffusion or also known as Soret effect is studied analytically. The influence of the internal heating is supplied by an internal volumetric source with a uniform distribution. Results show that the presence of internal heating in the binary fluid layer which is fluid layer heated and salted has a significant influence on the neutral convection where increasing the internal heating will destabilize the fluid system. Despite the destabilizing factor, an increase of the Solutal Rayleigh number spikes the critical Rayleigh number and thus ensures greater stability of the system. The instability gets fluctuate depending on values of Soret parameter in the presence of internal heating.
I. INTRODUCTION
Double-diffusive convection in a binary fluid layer have been the great topic discussion theoretically and experimentally due to its relevant applications in various industrial phenomena. Stern [1] was first investigated the effect of double-diffusive convection due to the sharp contrasts between thermal and salt diffusivities. In sharp contrast values of thermal and salt diffusivities, convection can be manifested from instability. Nield [2] had analyzed the convective instability in a doubly diffusive fluid layer induced by thermal and solutal gradients. He found that either thermal or solutal effect can act as a stabilizing or destabilizing factor in both stationary and oscillatory mode. Thermodiffusion is also a very interesting theoretical problem. It is a fundamental chemicophysical, hydrodynamics and nonequilibrium thermodynamics problem. A horizontal binary fluid layer with negative Soret coefficient will exhibit a double-diffusive type oscillatory convection when heating from below exceeds the stability limit. The phenomenon was clearly demonstrated both theoretically and experimentally by Hurle and Jakeman [3] using a water-methanol mixture. The investigation continued by Platten and Chavepeyer [4] using a waterethanol mixture and Caldwell [5] using a salt solution. Huppert and Turner [6] investigated the double-diffusive convection. Legros and Platten [7] clearly delineate the areas and types of instabilities (steady or oscillatory) in the Rayleigh number and separation ratio space. Influence of Soret effect with various boundary conditions in a water-ethanol mixture was investigated by Knobloch and Moore [8] with an emphasis on the Biot number. A vast amount of literature has been published on the onset of convection due to thermocapillary instability in binary fluid considering the Soret effect with other physical influence [9] [10] [11] . Nield and Kuznetsov [12] adopted model that incorporates with the effects of Brownian motion and thermophoresis in their studies. The system is solved analytically with cross-diffusive terms in a horizontal layer of nanofluid heated and salted from below.
The convection induced by internal heating arises in various engineering problem. The internal heat generation plays a critical role in the materials and chemical processing industries. Scientist and engineers in these industries need to understand and manage the availability of heat in order to maximize the performance of their processes. The nonlinear temperature distribution in a horizontal fluid layer arising due to internal heat generation has been studied theoretically by Sparrow et. al [13] and Roberts [14] . Gasser and Kazimi [15] , Kaviany [16] and Mokhtar et al. [17, 18] studied the effect of internal heat generation on the onset of convection in a porous medium. The influence of uniform internal heat generation in Benard-Marangoni convection was first addressed by Char and Chiang [19] . He found that the effect of increasing the internal heat generation is to destabilize the fluid layer system. A combination techniques of analytical and numerical has benn done by Wilson [20] to analyze the effect of internal heat generation on the onset of Marangoni convection. Khalid et al. [21] studied the uniform solution on the effect of internal heat generation in micropolar fluid layer and they found that internal heat source parameter had destabilizing effect on stationary mode convection.
In this paper, we report the effects of internal heating and Soret on double-diffusive convection in a horizontal fluid layer heated and salted or also can be classified as binary fluid. We assume that the upper surface to be non-deformable and employed the stability analysis. This analysis is based on the linear stability theory and the resulting eigenvalue problem is solved using the Galerkin method.
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II. MATHEMATICAL FORMULATION
We consider an infinite horizontal layer of binary fluid of thickness L. We select a Cartesian coordinate system with z pointing upward, opposite to the gravity vector, and (x, y) in the horizontal direction at the bottom rigid boundary. It is assumed that the density; ρ is linearly dependent upon the temperature; T and the solute concentration; C and is given by
and . 
where the fluid velocity V = (u,v,w), T is the temperature, p is the pressure, g is the gravity, e z = [0, 0, 1] is a unit vector in the z-direction, μ is the viscosity, κ is the thermal diffusivity, κ c is the solutal diffusivity, C is the solute concentration, H is the uniform internal heating and ds is the diffusivity of soret type. We assume that the temperature, the solutal concentration and the volumetric fraction of the fluid are constant on the boundaries. Thus the boundary conditions are
where the parameters ψ 1 and ψ 2 each take the value 0 for the case of a rigid boundary and ∞ for a free boundary. For the steady state, the upper free surface is planar and the fluid layer is static. The pressure and temperature fields are
where ΔT is the difference of the temperature across the fluid layer and p 0 is the reference pressure.
The basic state of the fluid is quiescent and is given by
On the basic state we superpose perturbations in the form
where the primes quantities represent the perturbed variables. We introduce the dimensionless variables as follows
and substitute Eq. (12) in Eqs. (2) - (7) and using (10) and (11), yields
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Eliminating pressure from Eq. (14) by using curl identity together with Eq. (13) By using the linear stability theory under the principle of the exchange stability, the perturbation quantities in a normal mode form are
where (a x , a y ) is the wave vector lying in the (x, y) plane,
is the square wavenumber and σ is the growth parameter. We consider the neutral stability which is at the marginal state and sets in stationary, and substitute Eq. (20) into (19) and (15) - (18) We now employ a Galerkin-type weighted residuals method to obtain an approximate solution to the system of Eqs. (21) -(25). We choose as trial functions (satisfying the boundary conditions) W p , θ p , ξ p where p = 1, 2, 3,…, and write
Substitute (26) into Eqs. (21) - (25) and make the expressions on the left-hand sides of those equations (the residuals) orthogonal to the trial functions, thereby obtaining a system of 3N linear algebraic equations with A p , B p , C p are three unknowns. The vanishing of the determinant of coefficients produces the eigenvalue equation for the system.
III. RESULTS AND DISCUSSION The criterion for the onset of double-diffusive convection with internal heat source and Soret effect is investigated theoretically. The sensitiveness of critical Rayleigh number to the changes in various physical effects is also studied. The marginal stability curves are drawn in the parametric plane (a, R a ) and can be seen in Figs. (1) - (3) with various physical effects. The graphs of the critical Rayleigh number; R ac , which was defined as at which the onset of convection takes place, are presented in Figs. (4) -(6) .
In order to verify the results that we produced, we compare our eigenvalue solution with the classical case for free-free surface without taking into account the effect due to internal heat source, as can be seen in Table 1 . This result agrees with that reported by Nield [2] where the critical value of Rayleigh number is obtained by finding the minimum value of R a . Fig. 1 shows the effect of Soret on convective instability when Q = 2, Le = 10, R s = 10 3 . From the graph, the curves of Rayleigh number, R a versus wavenumber a, increases when decreasing the Soret parameter. Soret effect or thermodiffusion implies that mass diffusion is induced by thermal gradient. Whenever there is a temperature gradient in the mixture, Soret effect is present. In this case, the effect of increasing the thermodiffusion, lower the critical Rayleigh number and thus promote instability in the system.
The influence of solutal Rayleigh number; R s , in binary fluid is illustrated in Fig. 2 with fixed values of Q, Le and Sr. Contrast with the effect of Soret parameter, increasing the R s value, increases the Rayleigh number in the system. It indicates that the double-diffusive convection in binary fluid will be stable when the R s is increase.
We shall now concentrate on the effect of internal heat source; Q on convection in binary fluid. Fig. 3 shows the effect of Q when Le = 10, R s = 700 and Sr = 0.1. The difference in the Rayleigh number recorded between Q = 0 and Q = 10 is much larger compare with Q = 10 and Q = 20. This revealed that the internal heat source has a high and quick impact on the stability of the system. An increase of Q, will decrease R a value drastically and destabilize the system. The critical Rayleigh number stability curves for different values of Soret parameter and internal heat source is displayed in Fig. 4 . From the graph, it can be clearly seen that the effect of internal heating is to destabiliz the system where R ac values drop instantaneouly with an increase of Q. However, the decrease of the Sr values helps to delay the unstable condition that happened caused from the internal heating.
Increment in the values of solutal Rayleigh number; R s , promote stability in the double-diffusive convection as reported before and also shown in Fig. 5 . As the effect of Q, the double-diffusive system will still become unstable with an increasing of the internal heating.
The graph of the critical Rayleigh number with Lewis number; Le, in the presence of internal heating effect, is illustrated in Fig. 6 . From this graph we can see that the effect of increasing the ratio of thermal diffusivity to mass diffusivity that is Le, decrease the R c resulting in advancing the onset of convection. The critical Rayleigh number elevate when reducing the values of the internal heating and the system gain stability. This scenario revealed that the influence of the internal heating is always to destabilize the system. 
IV. CONCLUSIONS
The influence of the internal heating on the onset of double diffusive convection with Soret effect is studied analytically. The effect of internal heat generation; Q in the binary fluid has a significant influence on the convection and is clearly a destabilizing factor to make the system more unstable. Increases in Lewis number; Le, decrease the critical Rayleigh number; R ac in the presence of internal heat generation effect and thus destabilize the system. Although the effect of Q is to destabilize the system, the decrease of the S r helps to slow down the process of destabilizing. The effect of increasing the Solutal Rayleigh number; R s in binary fluid elevate the critical Rayleigh number in the presence of internal heating and thus promote stability in the system. 
